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Abstract 
The subcellular, intralobular distributions and intracellular partner(s) of a factor which inhibits the proliferation of cell growth 
(Hashimoto C. et al. (1994) Biochim. Biophys. Acta 1221, 107-117) were determined in hamster livers, using a combination of 
immunological nd biochemical techniques. The IgG fraction from an antiserum raised against the growth inhibitory factor with 37 kDa 
was shown to be highly specific for the antigen. The nuclear and cytosolic fractions demonstrated inhibitory effects on cell growth and 
Western blot analysis revealed that both fractions contained the immunoreactive 37kDa protein with the anti-inhibitory factor IgG but 
microsomal nd mitochondrial fractions did not. The nuclear and cytoplasmic localization of the inhibitory factor were further confirmed 
by immunochemical staining: mediated through the immune IgG and an avidin-biotinylated horseradish peroxidase complex, the 
parenchymal liver cells were clearly stained, but endothelial nd connective tissue cells were not. Although some staining was evident 
throughout the liver parenchyma, the hepatocytes with most intensively stained nuclei were located in the periportal region. In the liver 
from hamsters 6 days old or the regenerating hamster livers 3 days after partial hepatectomy, the staining intensity was low and the 
number of hepatocytes with tile inhibitory factor positive nuclei was very few compared with the adult hamster livers. In primary cultures 
of the isolated hepatocytes from adult hamster the inhibitory factor disappeared from nuclei after incubation for 24 ~ 48 h. The extracts of 
hepatic nuclei from adult hamsters were immunoprecipitated with either the anti-growth inhibitory factor IgG or a monoclonal antibody to 
the RB protein. The growth inhibitory factor and the RB protein coprecipitated in each case, implying that the proteins were complexed 
with each other in the nuclei. The RB protein family is composed of two sets of species, an un- or underphosphorylated species and a 
hyperphosphorylated one. It was suggested that the factor bound preferentially to the un- or underphosphorylated member of the family. 
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1. Introduction 
We have isolated a growth inhibitory factor from adult 
hamster livers and purified it to an homogeneous protein, 
which inhibited the proliferation of Simian virus 40 trans- 
formed hamster fibroblasts (SVHF) as well as various 
other kinds of cells as targets [1]. The homogenates from 
regenerating livers within 6 days after partial hepatectomy, 
those from baby hamster livers 5 days after birth and sera 
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from adult hamsters did not demonstrate any growth in- 
hibitory effect on SVHF under the experimental conditions 
tested [1]. It is, therefore, natural to assume that the 
intrinsic function of the growth inhibitory factor may be 
endogenous in nature. In this report, we attempted to have 
some insights into the function of the growth inhibitory 
factor by determining (1) the subcellular localization of the 
factor in hepatocytes, (2) the distribution of the factor-posi- 
tive cells in the liver lobule and (3) the interaction of the 
factor with other cellular protein(s) which were responsible 
for the regulation of cell growth using a combination of 
immunological and biochemical techniques. 
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2. Materials and methods 
2.1. Reagents 
Protein A Sepharose was purchased from Pharmacia, a
catalytic subunit of cAMP-dependent protein kinase, 
phenylmethylsulfonyl fluoride (PMSF) and leupeptin were 
from Sigma, a purified calf intestine alkaline phosphatase 
was from Boehringer Mannhein, an anti-RB protein anti- 
body from Oncogene Science and an alkaline phosphatase 
labeled anti-mouse IgG from Promega Corporation. 
2.2. Preparation of anti-growth inhibitory factor serum 
and purification of the antibodies 
tidase [5] = 0.08 ___ 0.05) and cytosolic (lactic dehydro- 
genase [6] = 0.04 ___ 0.03) fractions. The figures (% of 
homogenates) represent means + S.D. of triplicate xperi- 
ments. The mitochondrial nd microsomal fractions were 
also isolated by the method [3]. 
2.4. Preparation of lysates for Western blot analysis 
Tissues and subcellular fractions were homogenized in
0.33 M sucrose, 2 mM EDTA, 0.5 mM PMSF, leupeptin 
(80 /zg/ml) and aprotiniv~ (80 /zg/ml) in 20 mM Tris-C1 
(pH 7.5) by a Polytron homogenizer at top speed for 1 
min. The lysates were obtained by centrifugation of the 
homogenates at 3 × 10 4 × g for 15 min. 
The anti-growth inhibitory factor serum was raised in 
mice against he factor (~ 10 /zg protein) purified from 
hamster livers along the method reported previously [1]. 
Booster injections of the factor were given at 2-week 
intervals in complete adjuvant. 
The IgG fractions prepared from the anti-inhibitory 
factor antiserum were applied on the factor conjugated 
Sepharose 4B column equilibrated with phosphate-buffered 
saline (PBS). After washing the column with PBS the 
antibodies were eluted with 0.2 M glycine-HC1 buffer (pH 
2.8) followed by immediate neutralization with 1 M Tris 
solution. The eluates were dialysed against 40% sucrose in 
PBS. 
2.3. Isolation of the subcellular fractions from hamster 
hepatocytes 
2.5. Immunoprecipitation a d Western blot analysis 
Lysates were precleared by incubating with either 
preimmune serum or normal mouse serum and immuno- 
globulin G sorb for 20-30 min followed by a 10-min 
centrifugation at 15000 X g. Antibody precoupled to the 
protein A Sepharose was added to the clarified lysates and 
incubated for 4-6 h. Immunoprecipitates were washed 
three times with PBS containing 0.05% tween 20. Bound 
proteins were eluted in Laemmli sample buffer and anal- 
ysed on SDS-containing 10% polyacrylamide gel as de- 
scribed by Laemmli [7]. The proteins were transferred to 
PVDF membrane, which was blocked by incubation in 
PBS containing 3% BSA for 2-4 h and then incubated 
with an appropriate antiserum. The blots were developed 
for color according to the manufacture's specifications. 
The subcellular fractionations were carried out by dif- 
ferential centrifugation reported by Hogeboom with slight 
modifications [3]. The isolated nuclear fractions contained 
minimal contaminations as assessed by phase contrast 
microscopy, with no identifiable non-nuclear organelles 
and only small amounts of extranuclear materials (Fig. 1). 
This was confirmed biochemically, as assessed by the 
enzyme markers for microsomal (NADPH cytochrome C 
reductase [4] = 0.11 + 0.06), plasma membrane (5'-nucleo- 
Fig. 1. A phase contrast micrograph of the nuclear fraction isolated. Bar: 
I0 /zm. 
2.6. Avidin-biotin immunoperoxidase taining procedure 
for tissue sections 
Tissues were fixed at room temperature in 4% formal- 
dehyde prepared in 0.15 M phosphate buffer (pH 7.2) for 
24 h. They were then dehydrated and embedded in paraf- 
fin. Serial 5 /xm) were cut, mounted on glass slides, 
deparaffinized and gradually rehydrated. The immuno- 
chemical detection of the growth inhibitory factor in the 
sections was accomplished using the ABC staining proce- 
dure described by Hsu et al. [8]. Endogenous peroxidase 
activity was inhibited by incubating slides for 30 min in 
0.3% H20 z. To reduce the non-specific binding of pro- 
teins, the tissue sections were then incubated for 20 min in 
non-immune goat serum (1 mg/ml). The affinity purified 
IgG from the mouse antiserum against the growth in- 
hibitory factor or the non-immune mouse IgG was diluted 
1:50, applied to the slides and incubated for 30 min. Tissue 
sections were exposed for 30 min to a 1:200 diluted 
biotinylated goat anti-mouse IgG. Sections were then incu- 
bated for 40 min with the preformed complex of avidin 
and biotinylated peroxidase (Vectastain ABC Reagent). 
Histochemical localization of peroxidase was accom- 
plished by incubating the sections for 5 rain in a freshly 
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prepared diaminobenzidene t trahydrochloride solution 
which contained a final concentration of 0.01% H202. 
After rinsing in water, tissue sections were dehydrated, 
cleared and mounted with coverslips. 
air at 37°C. Then the medium was changed for the new 
one to remove floated cells. 
2.11. Phosphorylation of immunoprecipitates 
2.7. Hepatectomy 
Hamsters (1-2 months old) underwent the partial hepa- 
tectomy which consisted of partial excision (20-30% of 
the total liver weight) of the left lateral obe. 
2.8. Fluorescent staining qf cultured hepatocytes 
The cells were treated with the anti-inhibitory factor 
IgG followed by treatment with an anti-mouse IgG anti- 
body. The cells were analysed for the factor by a combina- 
tion of fluorescent staining and phase-shift fluorescence 
microscopy (Nikon). For selective visual detection of FITC 
fluorescence, a vertical illuminator, containing filter sets 
suitable for the microscope was used. 
The immunocomplex from hepatic nuclear lysates gen- 
erated with the anti-inhibitory factor IgG was bound to 
protein A Sepharose. The protein A Sepharose beads were 
washed with PBS containing 0.05% tween 20, followed by 
the incubation for 15 min in the standard protein kinase A 
assay conditions [12] in the absence or presence of the 
catalytic subunit of cAMP-dependent protein kinase. After 
incubation at 37°C for 20 min, the reaction was terminated 
by addition of Laemmli sample buffer. After SDS-PAGE 
of the reaction mixtures the proteins were transferred to 
PVDF membrane and the blots were probed with the 
anti-RB protein antibody and developed for color by ABC 
staining. 
2.12. Phosphatase analysis 
2.9. Immunoelectron microscopy 
2.9.1. Postembedding staining of the factor in hamster 
livers 
The samples were fixed with 0.2% glutaraldehyde con- 
taining 3% paraformaldehyde in 0.1 M Na-phosphate (pH 
7.4) at 4°C for 1 h. After washing, samples were treated 
according to the method of Armbruster et al. [9]. Ultrathin 
sections were treated with 2% normal goat serum in PBS 
followed by incubation with the first antibody, the anti- 
growth inhibitory factor ][gG, and then with the second 
antibody, an anti-mouse IgG coupled to 5 nm colloidal 
gold particles. 
2.9.2. Immunocytochemical st ining of the factor on chro- 
matin fibrils of hepatocytes 
Chromatin fibrils spread out along the method of Ya- 
mada [10] were picked up on formbar-coated nickel grids. 
The grids were treated with 2% normal goat serum in PBS, 
followed by incubation with the first antibody, the anti- 
growth inhibitory factor lgG, and subsequently with an 
anti-mouse IgG coupled to 5 nm gold particles. The grids 
thus prepared were counterstained with 3% uranyl acetate 
in 50% ethanol for 30 s and observed under a JEOL100 
CX electron microscope operated at 80 kV. 
2.10. Isolation and monoLayer culture of hepatocytes 
Adult hamster heptocytes were isolated and cultured as 
monolayers by the method reported by Nakamura et al. 
[11]. Inocula of ~5X 1105 cells were introduced into 
3.5-cm diameter dishes coated with collagen (Coming). 
The cells were cultured in 2 ml of Williams' medium E 
supplemented with 5% fetal calf serum, 10 nM insulin and 
10 nM dexamethasone four the first 5 h under 5% CO2 in 
The protein A Sepharose beads complexed with the 
immunoprecipitated proteins of interest were washed with 
a buffer containing 50 mM Tris-C1 (pH 8.0), 5 mM 
MgCI 2, 100 mM NaCI, and 80 /xg/ml each of PMSF and 
leupeptin. Fifty microliters of the same buffer containing 
25 U of the purified calf intestine alkaline phosphatase was 
added. Following incubation at 37°C for 15 min, the 
reaction was terminated by washing the beads with PBS 
containing 0.05% Tween 20 and boiling for 2 min in 
Laemmli sample buffer. In order to ascertain whether the 
observed effect resulted from dephosphorylation a d not 
proteolysis, control reaction mixtures containing 150 /xM 
sodium orthovanadate and 80 mM NaF were analysed in 
parallel with experimental ones containing phosphatase 
and no inhibitors. 
3. Results 
3.1. Specificity of the anti-inhibitory factor IgG 
After preliminary experiments showed that the mouse 
antiserum raised against he factor was reactive towards 
the immunogen, the affinity purified immunoreactive IgG 
specific for the antigen was separated from the immune 
serum by the method of Kristiansen [2]. Experiments using 
SDS-PAGE, Western blot and immunochemical staining 
have shown that the affinity purified IgG from the antisera 
reacts with the purified inhibitor (Fig. 2, lane 1). The 
recognition of the factor on immunoblots could be greatly 
abolished by the presence of the competing factor (Fig. 2, 
lane 2). Western blot analysis of the whole homogenates, 
followed by immunochemical staining showed that the 
anti-inhibitory factor IgG reacted as a single band with 37 
kDa (Fig. 2, lane 5). The minor bands that reacted with the 
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Fig. 2. The specificity of the mouse anti-growth inhibitory factor IgG. 
Lanes 1, 2 and 3: the purified growth inhibitory factor. Lanes 4, 5 and 6: 
the homogenates from adult hamster liver. Lanes 1, 2 and 5 were treated 
with the anti-inhibitory factor IgG. Lane 2 was treated with the anti-in- 
hibitory factor IgG in the presence of the competing inhibitory factor. 
Lanes 3 and 4 were treated with control IgG. A 33-45% (NH4)2SO 4 
fraction from control serum was used as control IgG. The factor was 
developed for color using peroxidase-labeled anti-mouse IgG and 4- 
chloro-l-naphthol. Lane 6 was stained with Coomassie blue. The arrow 
points to the inhibitory factor with 37 kDa. 
antibody were not characterized yet. Moreover,  no im- 
munological  reaction with the control mouse IgG was 
observed (Fig. 2, lane 3). 
3.2. Subcellular localization of the inhibitory factor in 
adult hamster livers 
The nuclear lysates and the cytosols were prepared from 
adult hamster livers. The effect of  each fraction on the 
growth of  SVHF was determined by the method previously 
29-p  
l 2 3 4 5 6 7 8 
Fig. 3. Western blot analysis of the factor in the nuclear, cytosolic, 
mitochondrial and microsomal fractions. Lanes 1 and 5: the nuclear 
fraction. Lanes 2 and 6: the cytosolic fraction. Lanes 3 and 7: the 
mitochondrial fraction. Lanes 4 and 8: the microsomal fraction. Lanes 1, 
2, 3 and 4 were treated with the anti-inhibitory factor IgG. Lanes 5, 6, 7 
and 8 were treated with control mouse serum. The inhibitory factor was 
visualized using an peroxidase labeled anti-mouse IgG and 4-chloro-1- 
naphthol. The arrow points to the factor detected. 
described [1], and Western blot analysis was carried out 
using both fractions. The nuclear lysates inhibited the 
growth of  SVHF with ICs0 of  ~ 3 / zg /ml  and the ICs0 of  
the cytosols was found to be about 20 / zg /ml .  Western 
blot analysis identif ied the factor with 37 kDa in each 
fraction but not in mitochondrial and microsomal fractions 
(Fig. 3). 
It was found that the factor was biochemical ly detected 
in the nuclei and the cytosols from adult hamster livers. 
3.3. Localization of the inhibitory factor-positive cells in 
baby, adult and regenerating hamster livers 
Using the anti-inhibitory factor IgG, we examined the 
distribution of  the inhibitory factor-positive cells in the 
Fig. 4. Photographs of liver sections from adult, baby and hepatectomized hamster stained for the growth inhibitory factor using the anti-inhibitory factor 
IgG and ABC technique, a: adult hamster liver, b: regenerating hamster liver (3 days after operation), c: baby hamster liver (6 days after birth), d: adult 
hamster kidney. Nuclei of hepatocytes atthe periportal region are deeply stained. Bars: 100 /a,m. 
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liver lobule by ABC technique. Liver sections from adult 
hamsters which were exposed to the anti-inhibitory factor 
IgG exhibited positive immunohistochemical st ining (Fig. 
4a). Although the staining was evident throughout the liver 
sections, a zonal distribution was observed. Most of the 
periportal region corresponding to the zone 1 defined by 
Rappaport [13] showed intense staining (Fig. 4a), whereas 
the centrilobular region (Zone 3) showed strongly dimin- 
ished frequency and intensity of the staining. No staining 
was seen with non-immune mouse IgG. With the anti-in- 
hibitory factor IgG, the hepatic nuclei from adult hamsters 
were found to be definitely positive, but endothelial and 
sinusoidal cells were negative (Fig. 4a). In the regenerating 
hamster livers 3 days after partial hepatectomy the staining 
intensity was low and the number of hepatocytes with the 
factor positive nuclei wa:s very few compared with the 
adult hamster livers (Fig. 4b). In hamsters 6 days old the 
factor was observed in a few hepatocytes with a low 
staining intensity, or it was undetectable (Fig. 4c). An 
age-dependent i crease in the intracellular concentration f 
the factor and/or in the ,aumber of hepatocytes with the 
inhibitory factor positive nuclei was observed. In prelimi- 
nary experiments we found that the factor was not detected 
in kidney (Fig. 4d), intestJtne, or muscle (data not shown). 
This is consistent with the finding reported previously 
using crude tissue homogenates from adult hamsters [1]. 
The localization of the factor in hepatic nuclei was exam- 
ined electronmicroscopically. Specific immunolabeling of
the factor was observed in both the nuclei and the cyto- 
plasm of hepatocytes, confirming the results obtained by 
subcellular fractionations (Fig. 5b). Gold particles were 
detected over the chromatin fibrils as shown in Fig. 5d. 
3.4. Intracellular local&ation of the inhibitory factor in 
hamster hepatocytes ofprimary cultures 
As already indicated, in the regenerating livers 3 days 
after partial hepatectomy and the baby hamster livers little 
inhibitor was detected in the nuclei of the hepatocytes. To 
analyse the relationship between the occurrence of the 
inhibitory factor in the nuclei and the growth of hepato- 
cytes the change in the factor of the hepatic nuclei in 
primary cultures was examined. Hepatocytes were pre- 
pared from adult hamster livers as described in Section 2. 
The isolated hepatocytes were cultured in Williams' 
Medium E with dexamethazone (10 -8 M) and insulin 
(10 -8 M) and the change in the factor was investigated 
cytochemically and biochemically using the anti-inhibitory 
factor IgG. After in vitro incubation for 24-48 h, the 
factor became barely detectable in the nuclei (Fig. 6A,B). 
During this time of the incubation in vitro the number of 
hepatocytes increased by the factor of ~ 2.0-fold. 
3.5. Detection of intracellular protein(s) associated with 
the inhibitory factor 
The RB protein plays a central role in the control of cell 
division and the entry into S phase in mammalian cells 
Fig. 5. Immunoelectron micrographs. (1) Postembedding staining of the inhibitory factor in adult hamster liver, a: control IgG, b: anti-inhibitory factor IgG. 
N: nucleus, Cy: cytoplasm. Bars: 500 nm. (2) Immunochemical staining of the factor on chromatin fibrils in the hepatocytes, c: control IgG d: anti- 
inhibitory factor IgG. Bars: 100 nm. 
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[14]. On approach to deciphering the intranuclear function 
of the inhibitory factor in vivo, we tried to identify its 
physical binding partner(s) in nuclei. Firstly we examined 
the interaction of the factor with RB protein using the 
anti-RB protein antibody. As shown in Fig. 7 (A, lane 2), 
the factor with 37 kDa could be seen in the immunoprecip- 
itates generated with the anti-RB protein antibody. In the 
same experiment, he immunoprecipitates generated with 
the anti-inhibitory factor IgG were found to contain the RB 
protein (Fig. 7B, lane 2). In contrast, neither the inhibitory 
factor nor the RB protein was detected in immunoprecip- 
itates with the control serum. In a preliminary experiment 
we determined that the precipitine line between the anti- 
human RB antibody and cell lysates from K562 cells fused 
with the line between the antibody and nuclear lysates 
from hamster hepatocytes. The RB protein is a nuclear 
phosphoprotein associated with DNA binding activity [15] 
and the underphosphorylated RB protein can react with 
SV40 T-antigen but the hyperphosphorylated one cannot 
react with the T-antigen [16]. To test whether the RB 
protein bound to the factor is hyper- or underphosphory- 
lated, we phosphorylated the immunoprecipitates with the 
kDa 
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-31 
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123 456 
Fig. 6. (A) Changes in the inhibitory factor of hepatocytes cultured in vitro for 7 h. Pictures a and b: phase contrast micrographs, pictures c and d: 
fluorescence micrographs, a and c: 0 time, b and d: 7 h after incubation. In c and d the cultured hepatocytes were stained firstly with anti-inhibitory factor 
IgG and secondary with anti-mouse IgG antibody labeled with FITC, followed by examination of phase-shift microscope (Nikon). No staining was seen in 
the nuclei 7 h after the incubation in vitro. (B) Immunoblotting analysis of the inhibitory factor in nuclear lysates. Lanes 1 and 4 :0  time, lanes 2 and 5: 
incubation for 24 h and lanes 3 and 6: incubation for 48 h. Lanes 1, 2 and 3 were treated with anti-inhibitory factor IgG. Lanes 4, 5 and 6 were treated with 
control serum. In lanes 1, 2 and 3 the incubation-dependent decrease of the factor in nuclei was observed. The inhibitory factor indicated by the arrow was 
visualized using ABC technique. 
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Fig. 7. Western blot analysis of immunoprecipitates from hepatic nuclei with anti-RB protein antibody or anti-inhibitory factor IgG. (A) Detection of the 
inhibitory factor in immunoprecipitates. Lane 1: immunoprecipitates with anti-inhibitory factor IgG, lane 2: immunoprecipitates with anti-RB protein 
antibody and lane 3: immunoprecipitates withcontrol serum. Lanes 1, 2 and 3 were stained for the inhibitory factor using the anti-inhibitory factor IgG, the 
alkaline phosphatase labeled anti~-mouse lgG and dimethyl formamide. (B) Detection of RB protein in immunoprecipitates. Lane 1: immunoprecipitates 
with control serum, lane 2: imnmnoprecipitates with anti-inhibitory factor IgG, lane 3: immunoprecipitates with anti-RB protein antibody, lane 4: the 
immunoprecipitates of lane 3 treated with the protein kinase, lane 5: the immunoprecipitates of lane 3 treated with alkaline phosphatase in the presence of 
Na2VO 4 and NaF, and lane 6: the immunoprecipitates of lane 3 treated with alkaline phosphatase. Lanes from 1 to 6 were stained for RB protein using 
anti-RB protein antibody and ABC technique. The upper arrows indicate the hyperphosphorylated RB species and the lower arrows point to the 
underphosphorylated one.
anti-RB protein antibody Iby a catalytic subunit of cAMP- 
dependent protein kinase as described in Section 2. As 
shown in Fig. 7 (B, lane 4), the treatment converted the 
vast majority of the detectable RB protein into the slower 
migrating species which corresponded to the upper band of 
the RB protein species, probably hyperphosphorylated 
species of the RB protein. The phosphatase treatment of 
immunoprecipitates with anti-RB protein antibody caused 
all of the RB protein to comigrate as a single species with 
a relative molecular weight equivalent to that of the faster 
migrating form (Fig. 7B, lane 6). To determine if the 
changes in mobility were due to the presence of phosphate 
on the RB protein, not due to degradation of the peptide, 
the phosphatase treatment of the immunoprecipitates was 
carded out in the presence of phosphatase inhibitors. No 
changes in the mobility of RB protein species were de- 
tected on SDS-PAGE patterns (Fig. 7B, lane 5). These data 
strongly suggested that the immunoreactive polypeptides 
with slower migration ra~Ee were the hyperphosphorylated 
forms of the RB protein and the factor could react with the 
underphosphorylated forms of the RB protein. 
4. Discussion 
The recent purification of endogenous growth inhibitors 
to homogeneity [17,18] has shed light on determining how 
negative growth factors regulate cell proliferation. Al- 
though the homogenization described in Section 2 was 
adequate in the experiments for isolation and characteriza- 
tion of inhibitory factors, it was not possible to determine 
what cell type in the liver lobule was to be responsible for 
the production of the inhibitory factor and little can be 
learned about its intracellular localization. The intracellular 
distribution and the occurrence of the factor in hamster 
livers under various conditions such as fetus, baby and 
regenerating livers may well be related to its mechanism of 
action. A strategy we have followed has been to raise an 
antiserum against he inhibitory factor and isolate the IgG 
fraction for use in the localization and quantification of the 
inhibitory factor by appropriate immunochemical tech- 
niques. Having established that the anti-inhibitory factor 
IgG is specific for the inhibitory factor (Fig. 2), we have 
used the IgG to identify the factor in the different subcellu- 
lar fractions, to detect the inhibitory factor positive cells 
within the liver lobule and to identify the intracellular 
partner(s) with the factor. The nuclear lysates and the 
cytosolic fractions showed growth inhibition when both of 
them were tested against SVHF. The occurrence of the 
factor in the nuclear fraction prepared from adult hamster 
livers and the absence of it from the nuclear fractions of 
the baby and the regenerating hamster livers, which are 
confirmed by immunochemical staining of liver sections 
(Fig. 4), indicate that the function of the inhibitory factor 
is probably involved in the nuclear events. The observation 
that the inhibitory factor is clearly detected in adult ham- 
ster livers and that it is localized in parenchymal but not in 
endothelial and sinusoidal cells is consistent with the 
findings reported by McMahorn [18] with regard to the 
hepatic proliferation inhibitor (HPI) from rat liver. But the 
staining pattern of the liver lobule showing a periportal 
distribution of the inhibitory factor-positive cells as shown 
in Fig. 4 was quite different from the centrilobular distribu- 
tion pattern of HPI-positive cells in rat livers [18]. The 
apparent lack of hepatocytes with the inhibitory factor- 
positive nuclei in the baby, and the regenerating hamster 
livers may represent he lack of, or a low level of the 
factor, which is barely detected by the ABC staining in 
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these liver cells which do have a high proliferation capac- 
ity. As hamsters grow older, the proliferation capacity of 
liver decreases and the appearance of hepatocyte with the 
inhibitory factor-positive nuclei (Fig. 4) seems to follow 
the reduction of the proliferation potential. It appears that 
the presence of the inhibitory factor in nuclei of hepato- 
cytes is inversely proportional to the proliferation capacity 
of the hepatocytes. Growth control depends centrally on 
actions of growth suppressor genes, prominently including 
RB, p53, and undoubtedly others to be discovered. The 
data presented here show that in addition to proteins uch 
as p53, DNA polymerase-a, AP-2 [19] and E2F [20-22], 
the inhibitory factor can bind specifically to the RB pro- 
tein, the product of the retinoblastoma susceptibility gene 
[23]. The evidence for this suggested i entity of the RB 
protein bound to the inhibitory factor is immunologic. 
Specifically, the protein comigrated with the RB protein in 
SDS-polyacrylamide g l electropherograms and cross-re- 
acted with it immunologically in experiments performed 
with monospecific RB protein antibody. Support for the 
claim that the inhibitory factor forms a stable complex 
with the RB protein comes from the repeated finding that 
both proteins can be coprecipitated with either monoclonal 
anti-RB protein antibody or polyclonal anti-inhibitory fac- 
tor IgG. Coprecipitation is not a sign that these two 
proteins hare common epitopes, since the presence of the 
factor was required to observe the RB protein in Westem 
blot of immunoprecipitates g nerated with anti-inhibitory 
factor IgG. The anti-inhibitory factor IgG failed to recog- 
nize the RB protein and the monoclonal anti-RB protein 
antibody failed to recognize the inhibitory factor in West- 
em blot analysis. Thus the coprecipitation i dicates a 
physical association between the inhibitory factor and the 
RB protein. The RB protein is a nuclear phosphoprotein 
associated with DNA binding activity [23] and exclusively 
underphosphorylated in non-dividing cells or in GO and G 1 
phases, a feature which is believed to be crucial for its role 
as a growth suppressor. Under the experimental conditions 
employed it was found that the inhibitory factor probably 
bound to the underphosphorylated RB protein. Other intra- 
cellular component binding with the factor are being inves- 
tigated and cloning of the genomic DNA for the inhibitory 
factor is now being undertaken. What role the inhibitory 
factor/RB complex might play in the regulation of cell 
cycle is a further problem. 
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